Introduction
known that UV irradiation has a carcinogenic effect resulting in DNA-damaged cells with loss of normal growth control [27, 28] . Recent studies by Aziz et al . [29] demonstrated that UV-B exposure leads to a significant activation of survivin, a protein only expressed in embryonic or proliferating normal adult tissues, and highly up-regulated in almost all types of human malignancy [30] [31] [32] . As its name infers, survivin is cytoprotective, belonging to the inhibitor of apoptosis (IAP) gene family, but it has also a role as an essential cell division protein [33, 34] . Overexpression of survivin seems to inhibit apoptosis initiated via the extrinsic or intrinsic pathways, relative to its ability to inhibit terminal caspase-3 and -7 [35, 36] . In vitro, UV irradiation has been shown to induce typical caspase-dependent cell death in normal conjunctival cells [37] .
The primary goal of the present study was to demonstrate, for the first time in pterygium, the immunohistochemical presence of survivin. Because of its strong expression in several preneoplastic lesions [38, 39] , including hypertrophic actinic keratosis [40] and in the vast majority of cancers [30, 41] , the presence of survivin would emphasize the idea of the origin of pterygium from an antiapoptotic mechanism, and the trend of this lesion towards a neoplastic-like growth disorder versus a simple degenerative condition of the conjunctiva. Moreover, since in our previous study [42] we demonstrated the concomitant presence of altered p53 in 8 Table 1 .
-hydroxydeoxyguanosine (8-OHdG)-immunoreactive cells, the other purpose of the study was to verify a possible correlation between survivin, p53 and 8-OHdG, in order to provide a further evidence of an apparent genetic instability which is in contrast to the pterygium's benign clinical course.

Materials and methods
Patients and study design
Results
Relevant clinical features of the patients are summarized in
The data on 8-OHdG and p53 expression are imported from our previous paper [42] . (Fig. 1A) . In normal conjunctiva group, all specimens were negative (Fig. 1B) . Positive control section from human skin demonstrated immunoreactivity for 8-OHdG in the epithelial layer (Fig. 3A) . Reactivity was absent in sections incubated without primary antibody and no reactivity developed when the isotype control antibody was used (Fig. 3A   1 ). (Fig. 1C) . No immunostaining for p53 in normal conjunctiva 
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Rural 7 samples was observed (Fig. 1D) . Positive control section from human cutaneous melanoma demonstrated immunoreactivity for p53 in nuclei of tumoural cells (Fig. 3B) . Reactivity was absent in sections incubated without primary antibody (Fig. 3B  1 ) and no reactivity developed when the isotype control antibody was used.
Relationship between 8-OHdG and p53
The relationship between 8-OHdG and p53 is shown in Fig. 2A and B) .
In each sample, some cells showed positivity only in nucleus, other, only in cytoplasm, while further cells showed immunoreactivity in both nucleus and cytoplasm. Cytoplasmic immunostaining was weaker than the nuclear. The positive cells were scattered throughout the epithelium; no substantial staining was visible in the subepithelial fibrovascular layers. No immunostaining for survivin in normal conjunctiva was present (Fig. 2C). Positive control section from human cutaneous melanoma demonstrated immunoreactivity for survivin in nuclei and cytoplasm of tumoural cells (Fig. 3C). Reactivity was absent in sections incubated without primary antibody
Fig. 1 Immunohistochemical staining for 8-OHdG (A, B) and p53 (C, D). In pterygium 8-OHdG (A) and p53 expression (C) was localized to the nuclei of the epithelial layer. No differences in the pattern of staining between 8-OHdG and p53 were observed. No immunostaining for 8-OHdG (B) or p53 (D) in normal conjunctiva samples was observed. Each section was counterstained with haematoxylin. Original magnification: A, B , D, 400X; C, 630ϫ.
Fig. 2 Immunohistochemical staining for survivin. The immunoreactivity was localized to the nuclei and cytoplasm of the epithelial cells. Note in B a cell with immunoreactivity in both nucleus and cytoplasm (arrow). No immunostaining in normal conjunctiva was detected (C). Each section was counterstained with haematoxylin. Original magnification:
A-C, 400ϫ. and no reactivity developed when the isotype control antibody was used (Fig. 3C  1 ) .
Fig. 3 Immunohistochemical staining for 8-OHdG (A), p53 (B), survivin (C). Sections from normal human skin (A) and human cutaneous malignant melanoma (B, C) were included as positive controls. Sections incubated without a primary antibody (inset
Relationship between survivin, p53 and 8-OHdG
All samples positive for p53 (11/31) and for survivin (14/31) Tables 3 and 4 . [43] . A most typical oxidative lesion product is [44] . G:C to T:A transversions, induced by the presence of 8-OHdG during DNA replication, have also been observed in the ras oncogene and p53 in human skin cancers of sunexposed areas and in UV-induced mouse skin cancers [45, 46] .
Discussion
UV light is one of the major factors implicated in the pathogenesis of pterygium, but the mechanism by which UV radiation induces this disease remains unknown. The detrimental effects of UV irradiation are either directly due to a UV phototoxic effect or indirectly to formation of radical oxygen species (ROS). ROS have been associated with initiation and progression in a multi-stage model of carcinogenesis
Based upon the premise that pterygium is a UV-related lesion, the demonstration of the presence of 8-OHdG highlights the importance of the role played by oxidative stress in the development of the lesion.
The protein p53 is a major cell stress regulator that monitors the genetic integrity of the cell and is required for inducing the expression of genes that are responsible for inhibiting DNA synthesis or inducing apoptosis in response to DNA damage [47, 48] [54] [55] [56] and overexpression of survivin is able to counteract p53-dependent apoptosis induced by ultraviolet light [54] . In our opinion, survivin, which transcription in pterygium is no more silenced by UV-inactivated p53, could exert its anti-apoptotic effect by directly inhibiting terminal caspase-3. Since there is strong evidence that p53 also exerts its effects on the inhibition of new blood vessel development [57] , an intense angiogenesis [12] , typical of the histopathology of pterygium, could be another sign of the loss of p53 function.
In conclusion, this is the first report on the presence of survivin in pterygium; our results are in agreement with previous data by Aziz et al. [29] 
